Chromosomal phylogeny and evolution in the genus Mastomys (Mammalia, Rodentia) by Britton-Davidian, J. et al.
1 Fonds Documentaire IRD I 
CHROMOSOMAL PHYLOGENY A&D EVOLUTION IN THE GENUS 
MASTOMYS (MAMMALIA, RODENTIA) 
JANICE BRITTON-DAVIDIAN, JOSE’ITE ,CATALAN, LAURENT ’GRANJON, 
I 
I 
AND JEAN-MARC DUPLANTIER 
Laboratoire de Génétique et Environrientent, Institut des Sciences de L’Evolution, 
Université Montpellier II, Place E. Bataillon, 34095 Montpellier 
Cedex 5, France (JB-D, JC) 
Muséuni National d’Histoire Naturelle, Paris, France (LG) 
Institut français de recherche scientijïque pour le développement en coopération, 
Programme “Eau et Santé,” B.P. 1386, Dakar, Senegal (J-MD) 
The chromosomal phylogeny of the African genus Mastoinys was undertaken to clarify 
their taxonomic position and to estimate the relevance of chromosomal evolution in the 
diversification of this genus. Four species of Mastoinys (M. erythroleucus, M. huberti, M. 
natalensis, and M. coucha) were compared to closely related African rats, Myonzys daltoizi 
and Pruomys tullbergi, and to three species of European murids. The phylogenetic trees 
generated could be grouped into two topologies in which Mastonzys was either monophy- 
letic or paraphyletic. A cladistic and phenetic analysis of available allozymic data clearly 
showed, however, that Mastoinys species form a closely related group and agreed with a 
monophyletic origin for this genus. Chromosomal evolution in Mastoinys is characterized 
by seven different types of rearrangements, the most frequent being pericentric inversions. 
The latter also are involved in intraspecific, chromosomal polymorphisms suggesting that 
pericentric inversions are a recurrent event in the evolution of this genus. However, peri- 
centric inversions modify the fundamental number, but not the diploid number, which is a 
criterion often used to identify the different species of Mastornys. These observations sug- 
gest the following pattern of chromosomal change in this genus. Rearrangements modifying 
the diploid number occurred at the same time as major speciation events resulting in dif- 
ferent diploid numbers for each species whereas subsequent divergence of karyotypes pro- 
ceeded mainly by accumulation of pericentric inversions. 
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The study of chromosomal evolution has 
shown that the amount and type of chro- 
mosomal modifications vary greatly among 
taxa (Koop et al., 1984). In some instances, 
karyotypic change has taken place so rap- 
idly that it may be accompanied by little 
morphological or genic differentiation 
(Baverstock and Adams, 1987; Meester, 
1988). In these cases, chromosomal analy- 
sis remains the most reliable method for 
correct assignment of species. Multimam- 
mate rats of the genus Mastomys are no ex- 
ception because various morphologically 
similar species have been described 
throughout sub-Saharian Africa. This slight 
morphological divergence is also evidenced 
in East African fossil lineages dating back 
3.6 X lo6 years ago, which show slow rates 
of morphological change (Denys and Jae- 
ger, 1986). The taxonomic relationships of 
species of multimammate rats have been 
solved in part through the use of chromo- 
somal techniques that have identified repro- 
ductively isolated species by their diploid 
numbers: Mastonzys erytlzroleucus (2n = 
38-Hubert et al., 1983; Matthey, 1965; 
Petter, 1977), Mastoinys couclzu (2n = 36- 
Green et al., 1980; Matthey, 1966a) and 
jkfastoinys natalensis (2n = 32-Green et 
al., 1980; Hallett, 1979). More recently, an 
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additional species with 32 chromosomes 
was identified in Senegal, Mastonzys hub- 
erti, characterized by a different fundamen- 
tal number (Duplantier et al., 1 9 9 0 ~ ;  Vie- 
gas-Pequignot et al., 1983). 
Considerable debate has involved the 
taxonomic definition and diagnosis of spe- 
cies in this genus. The low level of mor- 
phological differentiation among these ro- 
dents and representatives of other African 
genera such as Praomys, Hylonzyscus, My- 
onzys, and Myonzyscus has led certain au- 
thors to group Mastoinys and the latter taxa 
within the genera Epiinys (Thomas, 1915), 
Rattus (Ellerman, 1941), or Praonzys (Da- 
vis, 1962; Honacki et al., 1982; Misonne, 
1969, 1971; Now& and Paradiso, 1983). 
Recently, Qumsiyeh et al. (1990) ques- 
tioned the validity of the genus Mastomys 
on the basis of a chromosomal phylogenetic 
study of Praornys and Mastomys. Converse- 
ly, an increasing number of researchers rec- 
ognize Mastoniys as a distinct genus (An- 
sell and Dowsett, 1988; Duplantier, 1988; 
Happold, 1988; Meester et al., 1986; Mi- 
sonne, 1969, 1971; Nowak, 1991; Petter, 
1957; Robbins and Van Der Straeten, 1989; 
Rosevear, 1969; Van Der Straeten, 1979; 
Wilson and Reeder, 1993). 
The purpose of the present study was to 
determine the taxonomic relationships 
among species of Mastomys and related 
genera and the evolutionary consequences 
of chromosomal variation within this genus. 
A previous report presented the standard 
karyotypes of three species of Mastoiiiys 
(M. erytlzroleucus, M. hubei-ti, and M. na- 
talensis) and described the intraspecific 
chromosomal polymorphism observed in 
Senegal (Duplantier et al., 1990a). The 
present study extends this karyological 
analysis to G-, C-,  and NOR [nuclear or- 
ganizer region)-banding of these and addi- 
tional specimens as well as of individuals 
from a breeding colony of M. coucha. Phy- 
logenetic relationships were investigated 
using Praomys tullbergi and Myoinys dal- 
toni as the related species and European 
murids as the Outgroup. 
3 
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MATERIALS AND METHODS 
Metaphase spreads were prepared from bone- 
marrow cells of yeast-stimulated (Lee and Elder, 
1980) individuals (Appendix I) using the air- 
drying technique (Evans et al., 1963) and stored 
at -20°C in fixative. G-banding was performed 
on slides aged overnight at 45°C following the 
method of Seabright (1971). C-banding and 
NOR-staining were performed on G-banded 
slides following Sumner (1972) and Howell and 
Black (1980), respectively. Several G- and C- 
banded and NOR-stained metaphase spreads 
were photographed for each individual and kar- 
yotypes were mounted by pairing photographs 
of chromosomes according to their banding pat- 
terns. 
Presumptive chromosomal homology of 
G-banding patterns was identified for 15 pairs of 
autosomes and for the X chromosome by visu- 
ally comparing band sequences within species,, * 
among species and among genera. The chro- 
mosomes of Mastornys laubei-ti were used as the 
reference in the phylogenetic analysis. Each 
chromosome was regarded as a character within 
which the chromosomal forms observed repre- 
sented different states. Polarity of chromosomal 
change was established by comparison with the ’ 
karyotypes of the European genera used as out- 
groups. Heterochromatic alterations except those 
involving the X chromosome also were included 
in the phylogenetic analysis. In species showing 
chromosomal polymorphisms, only the most 
common chromosomal state was chosen as rep- 
resentative of the species, because most of the 
polymorphisms involved unique derived states. 
Phylogenetic analyses were conducted using 
the computer program PHYLIP (Felsenstein, 
1982, 1985). Chromosomal character states were 
ordered when possible. Different assumptions of 
karyotypic evolution were tested by using four 
parsimony methods: Dollo; Camin-Sokal; Dol- 
lop; mixed Camin-Sokal and Wagner. The pro- 
grams used were Dolpenny (for Dollo and Dol- 
lop), Penny (for Camin-Sokal) and Mix (for 
mixed Camin-Sokal and Wagner). The cladistic 
allozymic analysis was based on data from Is- 
kandar and Bonhomme (1984), who studied 10 
loci by sequential electrophoresis. Each allele 
was considered as a character with two states 
(presence or absence) yielding a total of 25 char- 
acter states. Character-state changes were coded 
as unordered. Phylogenetic trees were generated 
using D0110’s parsimony criterion favoring re- 
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FIG. 1.-Karyotype of Mastomys huberti: 2n = 32; autosomal FW = 44. G-banding, C-banding, 
NOR (nuclear organizer region)-bearing chromosomes, and chromosomes involved in pericentric 
inversions. Dashes indicate position of centromere. 
Versals to ancestral states over multiple events. 
Outgroup species were the same as in the chro- 
mosomal analysis. The phenetic trees (unweight- 
ed pair-group method using arithmetic average) 
were produced from allelic frequencies at 12 
loci (data from Duplantier et al., 1990b, and Is- 
kandar and Bonhomme, 1984) with the comput- 
er program BIOSYS-1 (Swofford and Selander, 
1981). 
RESULTS 
Intraspecific chromosomal variability- 
Thirty-one M. huberti that were examined 
displayed a diploid number of 32 (Duplan- 
tier et al., 1990a). The autosomal funda- 
mental number, however, varied from 44 to 
46. G-banded karyotypes (Fig. 1) indicated 
that the variability resulted from pericentric 
inversions involving chromosome pairs 8 
and 11, in which the acrocentric forms were 
the most widespread. C-banding (Fig. 1 )  re- 
vealed that all chromosome pairs carried 
pericentromeric heterochromatin and that 
the short arm of chromosome 1 was entirely 
heterochromatic. Silver-stained NORs were 
located interstitially in chromosome pair 1 
and proximally in chromosome pair 14 
(Fig. 1). 
Twenty-six M. nataleiisis yielded a dip- 
loid number of 32. Chromosomal polymor- 
phism involved variation in autosomal fun- 
damental number from 54 to 52 due to a 
pericentric inversion on chromosome 14 
with the metacentric form being the most 
widespread. A block of pericentromeric 
heterochromatin was present in the meta- 
centric form but absent in the acrocentric 
one (Fig. 2). C-banding of karyotypes re- 
vealed pericentromeric heterochromatin on 
all chromosomes. The short arms of three 
submetacentric chromosomes (pairs 1,  2, 
and 6 )  were entirely heterochromatic (Fig. 
2). Variant forms (deletion or addition of 
heterochromatin) were found for two of 
these chromosome pairs (1  and 6). TWO 
chromosome pairs exhibited NORs that 
were either proximal (pair 13) or interstitial 
(pair 3). 
Karyotypes of 46 M.  erythroleucus 
showed a diploid number of 38 chromo- 
somes except for four rats that were mo- 
saics (Duplantier et al., 1990a). Chromo- 
c 
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FIG. '2.-Karyotype of Mastomys natalemis: 2n = 32; autosomal FN = 53. G-banding, C-banding, 
NOR (nuclear organizer region)-bearing chromosomes, and chromosomes 1 and 6 showing vari-ation 
in heterochromatin content of the short arms. The pericentric inversion on chromosome 14 is shown 
both on the G- and the C-banded karyotype. Dashes indicate position of centromere. 
soma1 polymorphism in autosomal 
fundamental number was due to pericentric 
inversions in chromosome pairs 2 and 9 
(Fig. 3), resulting in autosomal fundamental 
Ië--- 
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numbers ranging from 51 to 54. C-banding 
revealed pericentromeric heterochromatin 
on all autosomes. NORs were present on 
six pairs of chromosomes (Fig. 3) and were 
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FIG. 3.-Karyotype of Mastonzys erytlzroleucus: 2n = 38; autosomal FN = 52. G-banding, C-band- 
ing, NOR (nuclear organizer region)-bearing chromosomes, and chromosomes involved in pericentric 
inversions. Dashes indicate position of centromere. 
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pericentromeric for five of them (chromo- 
somes 11, 12, 14, 15, and 16) and perite- 
lomeric on chromosome pair 10. 
Chromosomal rearrangements.-Homol- 
ogous chromosomes or chromosomal arms 
for 16 chromosomes could be recognized 
(Fig. 4). Homology with chromosomes or 
chromosomal segments of the Outgroup 
species was established for 13 of these, so 
that ancestral states for these chromosomes 
could be identified (Table 1). A problem 
arose in determining the polarity for chro- 
mosome 1 in M. erythroleuczis, which lacks 
the tandem fusion. The ancestral morpho- 
type present in this species was considered 
a derived characier produced by fission on 
the basis of the distribution of NORs (Fig. 
4). Thirty-three events were determined 
representing 34 rearrangements due to the 
multiple event occurring on chromosome 2 
(Table 2). A total of seven different types 
of rearrangements was observed, of which 
pericentric inversions were by far the most 
frequent (16 of 34; Table 2). 
Phylogenetic trees.-As with other types 
of data, problems in establishing chromo- 
somal phylogenies may arise due to ho- 
moplasy of chromosomal rearrangements 
caused by higher rates of chromosomal mu- 
tation at certain breakpoints (pericentric in- 
versions; Baker et al., 1987), higher fixation 
rates resulting from their lower meiotic dis- 
advantage or simply limitation in G-band 
resolution (Robertsonian fusions or fissions; 
Qumsiyeh, 1989; Qumsiyeh et al., 1987). 
For these reasons, four methods based on 
different assumptions of chromosomal 
change were used in the cladistic analysis: 
reversals are more probable than recurrence 
of derived states; multiple events are more 
probable than reversals to the ancestral 
state; retention of polymorphisms is al- 
lowed; multiple events are favored for all 
characters except those for which the an- 
cestral state is not known (characters 7, 9, 
and 15; Table 2) in which case a forward 
change or a reversion are equally probable 
(mixed method). 
Using these four parsimony methods, 
eight trees were produced representing four 
topologies (Fig. 5), one of which was com- 
mon to all methods (type I). In two of the 
remaining trees, the position of M. erythro- 
lezicus relative to that of M. coucha is 
switched around (types II and III), while the 
last one (type IV) clustered M. erythroleu- 
eus with the Myoniys-Praomys complex. 
The number of steps involved in generating 
the trees varies from 37 to 40 according to 
the method (Fig. 5). This indicates that at 
least four and at the most seven homoplas- 
tic events (reversal-multiple events) or 
polymorphisms need to be postulated, 
which yield a level of homoplasy between 
13 and 21%. The homoplastic events com- 
mon to all trees involve two tandem fusions 
(chromosomes 1 and 8) and two pericentric 
inversions (chromosomes 9 and 11). The 
additional events specific to some of the 
tree topologies concern two pericentric in- 
versions (chromosomes 3 and 4) and the 
multiple event on chromosome 2 (fusion 
and paracentric inversion). 
DISCUSSION 
Chromosomal phylogeiiy of Masto- 
mys.-In an attempt to solve the taxonomic 
status of species of Mastomys, chromosom- 
al phylogenies were generated using a cla- 
distic approach. Different assumptions of 
homoplasy yielded from one to three equal- 
ly parsimonious trees. When reversals are 
favored, a unique tree is produced (Fig. 5a) 
involving the lowest number of steps and 
only one reversal for each of the four char- 
acters. Conversely, when retention of poly- 
morphism is assumed, the three trees pro- 
duced all postulate that two tandem fusions 
remain polymorphic through one or two an- 
cestral nodes (Figs. 5b, 5c, and 5d). This is 
highly unlikely in view of what is known 
of the meiotic disadvantage they incur 
when in the heterozygous state (White, 
1973). This also is true for the multiple 
event on chromosome 2 (fusion and para- 
centric inversion), which appears polymor- 
phic in tree d. The method that favors mul- 
tiple events indicates that the same tandem 
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FIG. 4.-Homology of G-banded chromosomes in the species studied: Mus = Mus musculus do- 
Praomys = Praoinys tullbergi; N = Mastomys natalensis; H = Mastomys huberti; E = Mastomys 
erythroleucus; and C = Mastoinys coucha. The 15 autosomal pairs and the X chromosome of M. 
lzuberti are used as the reference chromosomes. Dots indicate the position of the centromere in other 
than acrocentric forms; stars refer to the location of nuclear organizer regions when present on 
homologous chromosomes in several species. 
t ntesticzm; Apodemus = Apodemus sylvaticus; Rattus = Rattus rattus; Myomys = Myomys daltoni; 
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TABLE 1.-Homology of the 15 chromosomes of Mastomys huberti used as the reference to the 
chromosome or chromosome arms in the other species. The X chromosome is not included. Chro- 
mosome numbers refer to those presented in Figs. 1-3 for M. huberti, Mastomys natalensis and 
Mastomys erythroleucus to that in Lee and Martin (1980) for Mastomys coucha, in Viegas-Pequignot 
et al. (1983) for Myomys daltoni (chromosomes were identified by reversing their R-banding), to the 
oficial nomenclature (Committee on Standardized Genetic Nomenclature for Mice, 1972) for Mus 
musculus domesticus and to Baverstock et al. (1983) for Rattus rattus. 
' 
i 
Mas- Pra- Mus APO- 
Mas- tomys omvs niusculus demus 
toinys natal- Mastomys Mastornys Myoinys tull- donies- Rattus sylva- 
huberti ensis erythroleucus coucha daltoni bergi ticus rattus ticus 
'1 3 9 and 10 
2 4 2 and 14 
3 5 1 
4 7 6 
5 10 13 
6 11 8 
7 14 17 
8 1 11 and 15 
9 2 3 
10 6 5 
8 4 
9 7 
12 12 13 
14 13 16 
15 15 18 
11 
12 
7 and 12 
1 
2 
14 
10 
16 
17 
9 and 11 
3 
8 
13 
4 
5 
6 
15 
1 1 2 
10 8 3 
2 2 
6 6 
12 10 15 
16 15 
3 3 14 
5 4 
8 5 9 
7 7 13 
4 9 4 
11 13 11 
13 14 18 
15 16 
9 11 12 
14 and 17 
12 
3 
1 
4 
7 (5.7) 
15 
8 
5 (5.7) 
10 
6 
6 
4 
2 
9 
19 
7 
3 
10 
5 
fusions have to be derived three times (Fig. 
5e), which is considered as less probable 
than having been derived twice as shown in 
tree f. The mixed method reduces the num- 
ber of steps by one compared to the former 
trees, but implies that either the two tandem 
fusions are derived three times or that the 
multiple event on chromosome 2 occurs 
twice, both of these assumptions being 
highly unlikely. On the basis of these con- 
siderations, the six trees that imply fewer 
probable homoplastic events are not taken 
into account in favor of the two remaining 
ones (Figs. 5a and 50. These two trees pro- 
vide different phylogenetic arrangements of 
species of Mastomys. The first one (Fig. 5a) 
clusters all Mastomys in one group separate 
from the Myomys-Praomys suggesting that 
the former genus is monophyletic. In the 
second one (Fig. 50, the branching order 
includes Mastomys erythroleucus in the 
Myomys-Pmomys  branch indicating that 
Mastomys is a paraphyletic group. In both 
cases, however, Mastomys hiiberti and Mas- 
toinys natalensis are always the most close- 
ly related species and are further related to 
Mastomys coucha. 
The information provided by the chro- 
mosomal phylogenies presented here does 
not provide a clear solution to the taxonom- 
ic status of Mastomys. To choose between 
the two topologies solely on the basis of 
strict parsimony (37 versus 40 steps) does 
not seem a valid argument in regard to re- 
cent work (Baker et al., 1987; Qumsiyeh et 
al., 1987). A more interesting approach, 
which has been suggested by several au- 
thors (Baverstock and Adams, 1987; Qum- 
siyeh, 1989; Qumsiyeh et al., 1987), is to 
confront the chromosomal phylogenies with 
independent datasets to obtain a more reli- 
:, 
' 
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TABLE 2.-Polarity of cliroïnosoiiial rear- 
rangentents using the 15 pairs of autosomes and 
the X chroinosoine of Mastomys huberti as the 
reference cliroìnosomes. 
Chro- Character- 
I 
mo- state Type of chromosomal 3 some changesn rearrangement 
1 0+?:1 
1:2 
1:3 
1 :4 
2 0:1 
0:2 
2:3 
3 0:l 
0:2 
4 0:2 
2: 1 
5 0:l 
6 0:l 
7 1:-:2 
8 0+?:1 
1:2 
1:3 
1:3 
1:2 
1 :3 
11 0+?:1 
1 :2 
12 0:l 
0:2 
0:3 
13 0:l 
14 0:l 
15 1:-:2 
x 0:l 
1:2 
1:3 
9 1:-:2 
10 0+?:1 
Tandem fusion 
Heterochromatic addition 
Pericentric inversion 
Fission 
Euchromatic deletion 
Paracentric inversion 
Centric fusion + paracentric in- 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Fission 
Pericentric inversion 
Tandem fusion 
Heterochromatic addition 
Fission 
Pericentric inversion 
Heterochromatic addition 
Tandem fusion 
Heterochromatic addition 
Pericentric inversion 
Tandem fusion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Pericentric inversion 
Centric fusion or centric fission 
Heterochromatic addition 
Pericentric inversion 
Pericentric inversion 
version 
Numbers 14 refer to chromosomal states; the form to the 
right of the colon derives from the form to the left of the colon. 
When states are separated by ":-:," there is no polarity. When 
present, O represents the ancestral state. 
4 able estimate of the evolutionary relation- 
ships among species. 
Two allozymic studies are available for 
these African rats that investigate the rela- 
tionship of Mastomys eiythroleucus to both 
the Myomys-Praonzys group and the other 
Mastomys. The first of these studies dealt 
with the analysis of 10 loci by sequential 
( 
electrophoresis in which three species of 
Praornys were compared to Myoinys daltoni 
and Mastomys eiytlzroleucus (data from Is- 
kandar and Bonhomme, 1984). These data 
were used to undertake a cladistic analysis. 
Two equally parsimonious tree topologies 
(26 steps) were generated by this method 
differing only by the relative positions of 
Myonzys daltorii and Praoinys lukolelae, 
which could be switched around. However, 
both cladograms (only one presented here, 
Fig. 6a) showed that Mastomys erythi-oleu- 
cus does not form a cluster with species of 
Myonzys or Praornys. The second analysis 
was performed by Duplantier et al. (1990b) 
who investigated the extent of genic diver- 
gence at 20 loci among species of Masto- 
nzys in Senegal. They showed that M. eiy- 
throleucus, M. huberti, and M. natalensis 
were similar to each other, there being no 
fixed allelic differences among species. 
Both sets of allozymic data were reanalyzed 
using the 12 loci common to both studies. 
The two phenograms (Fig. 6b) clearly 
showed that M. huberti and M. natalensis 
are more closely related to M. eiythr-oleucus 
than the latter is to Praornys and Myonzys. 
Further support for the close relatedness of 
the four species of Mastomys is provided 
by DNA-DNA-hybridization data on the 
same set of species including M. coucha 
(Chevret et al., in press). These results favor 
Mastoinys as a monophyletic group. This is 
not compatible with the topology of the 
phylogenetic tree in which Mastornys ap- 
pears as a paraphyletic group (Fig. 50. 
The most plausible chromosomal phylog- 
eny, thus, appears to be the one proposed 
by Fig. 5a, which suggests that four rever- 
sals have occurred. The ancestral node of 
these African murids is characterized by 
four tandem fusions and the addition of het- 
erochromatin on the X chromosome, which 
are derived characters specific to this group 
(Fig. 7a). Pericentric inversions, the most 
frequent events, are almost entirely limited 
to the Mastomys branch of the tree through- 
out which they are evenly distributed. Peri- 
centric inversions also are the most common 
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a) Reversals 37 steps 
l x  TFu chrom. 1 
l x  TFu chrom. 8 
l x  PI chrom. 9 
l x  PI chrom. 11 
c) Polymorphism 40 steps 
2x TFu chrom. 1 
2x TFu chrom. 8 
l x  PI chrom. 9 
2x PI chrom. 11 
E 
H 
N 
C 
M 
P 
E 
H 
N 
C 
M 
P 
E 
H 
N 
C 
M 
P 
e) Multiple events 40 steps 
3x TFu chrom. 1 
3x TFu chrom. 8 
2x PI chrom. 9 
3x PI chrom. 11 
I E 
H 
N 
C - 
g) Mixed 39 steps 
Reversal: 1 x PI chrom. 11 
Multiple events: 3x TFu chrom. 1 
3x TFu chrom. 8 
2x PI chrom. 9 
II E 
H 
N 
C - 
b) Polymorphism 40 steps 
l x  TFu chrom. 1 
1 x TFu chrom. 8 
l x  PI chrom. 9 
2x PI chrom. 11 
l x  Fu+Pal chrom. 2 
l x  PI chrom. 3 
E 
C 
H 
N 
M E d) Polymorphism 2x TFu Chro . 1 40 steps P
2x TFu chrom. 8 
l x  Fu+Pal chrom. 2 
l x  PI chrom. 3 
lxPIchrom.11 
I 
f) Multiple events 40 steps 
2x TFu chrom. 1 
2x TFu chrom. 8 
2x PI chrom. 9 
3x PI chrom. 11 
2x PI chrom. 4 
2x Pal chrom. 2 
I E 
H 
N 
C 
M 
P 
h) Mixed 39 steps 
Reversal: l x  PI chrom. 11 
Multiple events: 2x TFu chrom. 1 
2x TFu chrom. 8 
2x PI chrom. 9 
2x Fu+Pal chrom. 2 
2x PI chrom. 3 
- 
FIG. 5.-Phylogenetic trees produced by four different programs in the PHYLP package (see text 
for explanation). The homoplastic events inferred by each program are shown below the trees, which 
are rooted by the Outgroups. I to rV indicate the different tree topologies. T F U  = tandem fusion; PI 
= pericentric inversion; Pa l  = paracentric inversion; Fu = centric fusion. E = Mastomys erythro- 
leucus; H = Mastomys huberti; N = Mastomys natalensis; C = Mastomys coucha; M = Myomys 
daltoni; P = Praomys tullbergi. 
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FIG. 6.-Genic relationships between African rats. a) Cladistic analysis using the computer program 
PHYLE' based on 10 loci analyzed by sequential electrophoresis (from Iskandar and Bonhomme, 
1984); the tree is rooted by the same outgroup species as in the chromosomal analysis, Mus niusculus 
doinesticus, Apodeinus sylvaticus, and Rattus rattus. Gain of alleles is indicated along the branches 
by the loci at which they occur. AAT = aminoaspartate transaminase; GPI = glucose phosphate 
isomerase; SOD = superoxide dismutase; PGM = phosphoglucomutase; MDH = NAD-malate de- 
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ocitrate dehydrogenase. Myomys = M. daltoni. b) Phenograms from the unweighted pair-group 
method using arithmetic average and the computer program BIOSYS-1. Both trees are generated 
from distance data for the same set of 12 loci (Duplantier et al., 1990b; Iskandar and Bonhomme, 
1984: nine sequentially and three conventionally analyzed loci): AAT- 1 ; AAT-2; GDC- 1 ; IDH- 1; 
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~ 
25 8 
PI 
PI 
R I  
n a  
PI 
11  
PI 
JOURNAL OF MAMMALOGY Vol. 76. No. I 
3 
10 
12 
M 
9 
Mastomys 
Myomys Praomys Me Mn Mh Mc 
PI 
PI 
Fu +Pal 
36 
7 
3 
2 
34 38 32 32 36 
n 1’:  n 
; 1: 
PI 11 
a Outgroups 
36 
E- 
b 
34 38 32 32 36 
-D 
J’ 
I 
PI 14 
R 1  
FU 15 
PI 9 
PII 7 
Fu+PaI 2  
TFU 11 ‘1 H+ x Outgroups 
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chromosomal rearrangement separating 
species, although they never occur alone. 
The phylogenetic relationships described 
by this method postulate that homoplasy 
has involved only reversals. Using infor- 
mation on chromosomal polymorphism in 
populations from Senegal, it is possible to 
propose alternate types of homoplasy (Fig. 
7b). The metacentric form of chromosome 
9, which appeared by pericentric inversion 
in the node leading to Mastomys, is shared 
by M. erythroleucus and M. coucha. How- 
ever, the homologous chromosome in M. 
coucha carries NORs whereas that in M. er- 
ythroleucus does not. This suggests that the 
same morphotype of chromosome 9 in M. 
erythroleucus and M. coucha may in fact 
result from two independent pericentric in- 
versions. Similarly, chromosome 11 exists 
in a metacentric and an acrocentric form 
produced by pericentric inversion. The fact 
that this chromosome is polymorphic in M. 
huberti from Senegal indicates that the ini- 
tial metacentric form may have been main- 
tained as a polymorphism with fixation of 
the metacentric form in M. erythroleucus, 
M. coucha, and M. natalensis and persis- 
tence of the polymorphism in M. huberti. 
These modifications of the nature of the ho- 
moplasy do not alter the branching order 
nor the number of steps necessary to con- 
struct the phylogeny but integrate data on 
the chromosomal patterns of the extant spe- 
cies. 
Chromosomal rearrangements and evo- 
lutionary consequences.-Although species 
February 1995 BIUTTON-DAVIDIAN ET AL.-CHROMOSOMAL PHYLOGENY IN MASTOMYS 259 
of Mastoinys are classically distinguished 
by their diploid number, most of the intra- 
specific polymorphism observed in Senegal 
involves pericentric inversions. On a more 
widespread scale, numerous reports of vari- 
ation in fundamental number throughout 
Africa have been published by different au- 
thors (Capanna et al., 1982; Duplantier et 
al., 1 9 9 0 ~ ;  Hallett, 1979; Lee and Martin, 
1980; Lyons et al., 1980; Matthey, 1966a, 
196621, 1970; Orlov and Bulatova, 1991), 
and this is particularly true for M. erythro- 
leucus (Hubert et al., 1983; &Al, 1971; 
Matthey, 1965, 1967; Orlov et al., 1989; 
Tranier, 1974; Viegas-Pequignot et al., 
1987). In most cases, unfortunately, these 
studies are based on standard staining pro- 
cedures, so no accurate knowledge of all 
the rearrangements involved are available. 
Pericentric inversions appear as a recurrent 
event in the chromosomal evolution of 
Mastoinys. However, pericentric inversions 
will change the fundamental number, but 
not the diploid number, and so may not ac- 
count for the apparent differentiation in 
chromosome number among species. These 
data then suggest the following pattern of 
chromosomal change in this genus: first, 
events modifying the diploid number (fu- 
sions-fissions) have occurred at the same 
time as the major speciation events result- 
ing in a different diploid number for each 
species; second, within each diploid form, 
chromosomal diversification has proceeded 
for the most part by changes in fundamental 
number, mainly due to pericentric inver- 
sions. This propensity to accumulate peri- 
centric inversions has resulted in local (M. 
erythroleucus) or widespread (M. natalen- 
sis) polymorphisms. If this were the case, 
we would expect species with the same dip- 
loid number to be more closely related to 
each other than to species differing by dip- 
phylogeny shows that this may be the case, 
because M. huberti and M. natalensis, 
which share the same diploid number, also 
are those that are the most closely related. 
Additional data on morphology and life his- 
r, 
b 
9 
( loid number. Analysis of the chromosomal 
tory also argue for the relatedness of these 
two species (Duplantier, 1988), although 
the mean genetic distances do not. How- 
ever, the latter need to be confirmed be- 
cause only one geographically marginal 
sample of M. natalensis was studied (Du- 
plantier et al., 1990b). 
Although fusion-fission rearrangements 
could be mapped to cladogenic events and 
pericentric inversions to diversification of 
karyotypes, confirmation of the evolution- 
ary implication of these rearrangements re- 
lies on information of their selective mei- 
otic effect (King, 1987; Patton and 
Sherwood, 1983; Sites and Moritz, 1987), 
which is not available at the present for 
Mastomys. To verify the hypothesis con- 
cerning the mode of chromosomal evolu- 
tion in Mastonzys, additional samples from 
other regions in Africa need to be analyzed 
karyotypically to determine the nature of 
the chromosomal differentiation and gen- 
ically to assess their taxonomic status. 
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APPENDIX 
Specimens examined.-One-hundred three 
wild rats belonging to the three previously de- 
scribed species from Senegal, M. erythroleucus, 
M. liuberti (sensu Petter, 1977), and M. natal- 
ensis, were karyotyped as well as a male and a 
female of M. coucha from a laboratory colony 
established from wild-caught material originally 
from South Africa. The species of Mastonzys 
from Senegal with 2n = 32 (FN = 54) will be 
considered here as synonymous to the South Af- 
rican species M. natalensis owing to their simi- 
larity in G-banding. For outgroup comparisons, 
preparations of chromosomes were made from 
wild specimens of Myornys daltoni from Nema 
Nding, Senegal, Praoinys tulZbergi from Diatta- 
counda, Senegal, Mus nzusculus doinesticus 
from Cascina Bonola, Italy, Rattus rattus from 
Kabrousse, Senegal, and Apodemus sylvaticus 
from Camon, France. The specimens of Masro- 
rnys for which skulls are deposited at the Mu- 
séum National d’Histoire Naturelle (Paris, 
France) are indicated in parenthesis: M. Izuber- 
ti-Dagana, 4 males (4); Diattacounda, 3 males 
(1); Gouk Island, 2 females (1); Ile aux Boeufs, 
1 male (l), 1 female (1); Mbaouane, 1 male (I), 
1 female (1); Casamance National Park, 4 males 
(4); Poutak Island, 2 males (2); Richard-Toll, 3 
males (l), 3 females (2); Ibel, 1 male (1); Fa- 
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c 
.5 
U 
’ diga, 2 males (l), 3 females (3). M. nutuZensis- 
Bombou-Mandingue, 1 male ( l ) ,  1 female; 
Braman, 1 male; Bafoundou, ~1 male;,Kedougou, 
1 female (1); Ibel, 1 male; Fadiga, 9 males (7), 
11 females (9). M. erythroleucus-Bombou- 
Peuhl, 1 male (1); Diattacounda, 1 male (1); Di- 
boli, 3 females (1); Fadiga, 12 males (9), 9 fe- 
males (9); Kabrousse, l male (l) ,  2 females (2); 
Kedougou, 2 males (2),  1 female (1); Madeleine 
Vol. 76, No. I 
Island, 3 males (2), 3 females (1); Missira, 1 
male ( l ) ,  1 female (1); Niaga, 2 males (l), 1 
female; Niakhar, 1 female (1); Palmarin, 1 fe- 
male (1); Salemata, l male (1). Two fluid-pre- 
served specimens of M. cocichn (1 male, 1 
female) are deposited at the Institut des Sciences 
de 1’Evolution (Montpellier, France). The geo- 
graphical position of the localities in Senegal are 
provided in Duplantier et al. (1990~).  
